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[Document Name] Specification 

[Title of the Invention] Compound for Light Emitting Device 
and Organic Light Emitting Device Using the Same 
[Scope of Claim for Patent] 

5 [Claim 1] A compound for light emitting device, 

characterized by having a molecular structure expressed by 
the following formula (1), wherein at least one out of Rl to 
R8 is a substituent containing boron; the others are each a 
hydrogen atom or a substituent; L is a ligand; M is a metal; 

10 m represents an integer from 0 to 4 ; n represents an integer 
from 1 to 3: 

[Formula 1] 




( 1 ) 



[Claim 2] The compound for light emitting device as 
15 recited in claim 1, characterized in that said substituent 
is expressed by the following formula (2), wherein Rll and 
R12 are identical to or different from each other, each being 
a hydrogen atom or a substituent: 



w 



[Formula 2] 

b( 



[Claim 3] The compound for light emitting device as 
recited in claim 2, characterized in that said Rll and R12 
5 are each a mesityl group . 

[Claim 4] The compound for light emitting device as 
recited in any of claims 1 to 3, characterized in that said 
L is a ligand selected from the group consisting of a halogen 
ligand, a carboxylic acid ligand, an imine ligand, a 

10 nitrogen-containing heterocyclic ligand, a diketone ligand, 
a phosphorus ligand, an isocyanide ligand, an ortho 
carbometallation ligand, a hexaf luoror inephosphine ligand, 
a cyclopentadienyl ligand, and a carbon monoxide ligand. 

[Claim 5] The compound for light emitting device as 

15 recited in any of claims 1 to 4, characterized in that said 
L is a ligand selected from the group consisting of a 
picolinic acid ligand, a salicylic acid ligand, a 
salicylimine ligand, an acet ylacetone ligand, and an ortho 
carbometallation ligand . 

20 [Claim 6] The compound for light emitting device as 

recited in any of claims 1 to 5, characterized in that said 
M is a metal selected from the group consisting of iridium, 



t 

3 

platinum, palladium, rhodium, and rhenium. 

[Claim 7] The compound for light emitting device as 
recited in any of claims 1 to 6, characterized in that said 
Rl and R3 to R8 are each a hydrogen atom. 

5 [Claim 8] An organic light emitting device comprising 

a carrier transport layer and a light emitting layer between 
a hole injection electrode and an electron -injection 
electrode, characterized in that 

at least one of the carrier transport layer and the 

10 light emitting layer contains an organic compound having a 
molecular structure expressed by the following formula (1), 
wherein at least one out of Rl to R8 is a substituent 
containing boron ; the others are each a hydrogen atom or a 
substituent; L is a ligand; M is a metal; m represents an 

15 integer from 0 to 4 ; and n represents an integer from 1 to 
3: 

[Formula 3] 




•■• ( i ) 



[Claim 9] The organic light emitting device as recited 
in claim 8, characterized in that 

said light emitting layer contains a host material and 
said organic compound expressed by said formula (1), 
5 the content of said organic compound being not less 

than 0 . 1% nor more than 30% by weight for said host material . 

[Claim 10] The organic light emitting device as 
recited in claim 9, characterized in that 

said host material is 

10 4 , 4 ' -N , N 1 -dicarbazole-1 , 1 1 -biphenyl having a molecular 
structure expressed by the following formula (3): 

[Formula 4] 





[Detailed Description of the Invention] 
15 [0001] 

[Technical Field to which the Invention Belongs] 
The present invention relates to a compound for light 
emitting device and an organic light emitting device using 
the same. 
20 [0002] 

[Conventional Art ] 



The organic electroluminescent device (hereinafter 
abbreviated as an organic EL device) is expected as a new type 
self light emitting device . The organic EL device has a 
layered structure including a carrier transport layer 
5 (electron or hole transport layer) and a light emitting layer 
between a hole injection electrode and an electron injection 
electrode. An electrode material having a large work 
function such as gold (Au) or ITO (Indium-Tin Oxide) is used 
for the hole injection electrode, while an electrode material 
10 having a small work function such as Mg (magnesium) or Li 
(lithium) is used for the electron injection electrode. 
[0003] 

An organic material is used for each of the hole 
transport layer, light emitting layer, and electron 

15 transport layer. A material having the characteristic of 
p-type semiconductor is used for the hole transport layer, 
while a material having the characteristic of n-type 
semiconductor is used for the electron transport layer. The 
light emitting layer also has carrier transport capability 

20 such as electron or hole transport capability, and is made 
of an organic material emitting fluorescent light or 
phosphorescent light . 
[0004] 

The hole injection electrode, hole transport layer, 
25 light emitting layer, electron transport layer, and electron 



injection electrode are layered in this order to form a 
device. Note that depending upon organic materials to be 
used, these functional layers such as the hole transport 
layer, electron transport layer and light emitting layer may 
each include a plurality of layers or some of them may not 
be provided at all. 
[0005] 

As examples of such device structures, there may be 
mentioned: a structure in which only two organic layers, the 
light emitting layer and electron transport layer exist 
between the hole injection electrode and electron injection 
electrode; a structure in which only two organic layers, the 
hole transport layer and light emitting layer exist; and a 
device structure in which only three organic layers, the hole 
injection layer, hole transport layer, and light emitting 
layer exist. The device structure may be adjusted according 
to the characteristics of the material used for each organic 
layer . 
[0006] 

The organic EL device can provide a visible light 
ranging from blue to red by selecting an organic material 
forming the light emitting layer. Therefore, through the use 
of organic EL devices emitting respective monochromatic 
lights of red, green, and blue which are three primary colors 
of light (RGB), a full-color display is realized. 



[0007] 

By the way, among the red, green, and blue lights 
obtained by the organic EL devices, green and blue lights are 
stable . 
5 [0008] 

M. A. Baldo et al., for example, has reported that the 
employment of iridium (III) tris (2-phenylpyridinato) -N, C 2 
(hereinafter abbreviated as Ir (ppy) 3) led to the achievement 
of high efficient luminescent characteristics (see 
10 Non-Patent Document 1) . The molecular structure of Ir(ppy)3 
is expressed in the following formula (4): 
[0009] 



[Formula 5] 




... ( 4 ) 



15 [0010] 

As expressed in the formula ( 4 ) , Ir (ppy) 3 is a complex 
of phenylpyridine and iridium metal, emitting green light. 
[0011] 

On the other hand, it is difficult to obtain orange-red 
20 light having high luminance and luminous efficiency. This 
is because there is no solid organic material that 
effectively emits fluorescent or phosphorescent light of 



8 



orange-red color. 
[0012] 

[Non-Patent Document 1] 
M.A.Baldo et al. , Applied Physics Letters, Vol. 75, No. 1, 
p4, (1999) 

[Non-Patent Document 2] 
S.Lamansky et al., J. Am. Chem. Soc, 123, 4304-4312 (2001) 
[0013] 

[Problems to Be Solved by the Invention] 
With relation to the above, a method has been proposed 

in which the luminescent wavelength of an organic EL device 

is shifted to a longer wavelength in order to effectively 

obtain an orange-red emission. 

[0014] 

There is, for example, a method in which a heterocyclic 
ring structure with a small energy gap is employed for a 
ligand of a complex forming an emitting material. As for this 
method, a case using an iridium complex having a ligand of 
a derivative, such as benzothiophene or benzothiazole as an 
emitting material, has been reported (see Non-Patent 
Document 2) . Using this kind of emitting material, a maximum 
luminescent wavelength can be shifted to a longer wavelength. 
[0015] 

Such an emission spectrum, however, has a broad shape 
than the emission spectrum of Ir(ppy)3 emitting green light. 



This may inhibit achievement of an emission color with good 
purity, causing the emission to extend out of a visible range 

(near infrared radiation range). 

[0016] 

In addition, there is a method in which a ligand having 
a fused ring structure is employed for the complex forming 
a emitting material, so that the n conjugated system is 
extended to make an energy gap smaller. As for this method, 
a case using a complex having a ligand of a fused polycyclic 
compound, such as benzpquinoline or phenylquinoline as an 
emitting material, has been reported (refer to Non-Patent 
Document 2) . Using such emitting material, a maximum 
luminescent wavelength can be shifted to a longer wavelength. 
[0017] 

However, in this case also, the emission spectrum 
results in a broader shape than the emission spectrum of 
Ir(ppy)3 emitting green light. As a result, light of high 
color purity is not obtained. 
[0018] 

It is an object of the present invention to provide 
a compound for light emitting device having excellent 
luminous efficiency while providing excellent color purity, 
and an organic light emitting device using the same. 
[0019] 

[Means for Solving the Problems and Effect of the 



1 0 

Invention ] 

In the case where a maximum luminescent wavelength is 
shifted to a longer wavelength, the emission spectrum results 
in a broad shape. When the emission spectrum is in a broad 
shape, an emission color of good purity is not obtained with 
the emission extending out of a visible range (near infrared 
range). Such a broad emission spectrum is accordingly 
considered to be one cause of the lowered luminous 
efficiency . 
[0020] 

The present inventors presumed that, as for the 
emitting material emitting green, by the use of Ir (ppy) 3 
employing a ligand having a basic skeleton of phenylpyr idine 
in which another substituent is directly introduced, it may 
become possible to attain, a compound for light emitting 
device (emitting material) in which the maximum luminescent 
wavelength is shifted to a longer wavelength, with the shape 
of the emission spectrum of Ir(ppy)3 being maintained. 
[0021] 

In a conventional iridium complex having a ligand in 
which a substituent of an alkyl group, such as a methyl group, 
an aryl group, an alkoxy group, a halogen group, or the like 
is substituted on phenylpyr idine , it has not been possible 
to shift the luminescent wavelength from green to a longer 
wavelength . 



[0022] 

For this reason, the present inventors repeatedly 
conducted various experiments and examinations, and as a 
result, reached to the idea of the compound for light emitting 
device according to the following invention. 
[0023] 

A compound for light emitting device according to a 
first invention has a molecular structure expressed by the 
following formula (1),' where at least one out of Rl to R8 is 
a substituent containing boron; the others are each a 
hydrogen atom or a substituent; L is a ligand; M is a metal; 
m represents an integer from 0 to 4 ; n represents an integer 
from 1 to 3: 
[0024] 

[Formula 6] 




••■ ( 1 ) 



[0025] 

In the compound for light emitting device expressed 



12 

by the above formula (1), the substituent may be expressed 
by the following formula (2) , where Rll and R12 are identical 
to or different from each other, each being a hydrogen atom 
or a substituent: 
5 [0026] 

[Formula 7] 




■■■ (2) 



[0027] 

In the substituent containing boron expressed by the 
10 above formula (2) , the Rll and R12 may each be a mesityl group. 
[0028] 

In the compound for light emitting device expressed 
by the above formula (1) , L may be a ligand selected from the 
group consisting of a halogen ligand, a carboxylic acid 

15 ligand, an imine ligand, a nitrogen-containing heterocyclic 
ligand, a diketone ligand, a phosphorus ligand, an isocyanide 
ligand, an ortho carbometallat ion ligand, a 

hexaf luororinephosphine ligand, a cyclopentadienyl ligand, 
and a carbon monoxide ligand. 

20 [0029] 

In the compound for light emitting device expressed 
by the above formula (1) , L may be a ligand selected from the 



group consisting of a picolinic acid ligand, a salicylic acid 
ligand, a salicylimine ligand, an acetylacet one ligand, and 
an ortho carbomet allat ion ligand. 
[0030] 

In the compound for light emitting device expressed 
by the above formula (1) , M may be a metal selected from the 
group consisting of iridium, platinum, palladium, rhodium, 
and rhenium. 
[0031] 

In the compound for light emitting device expressed 
by the above formula (1), the Rl and R3 to R8 may each be a 
hydrogen atom. 
[0032] 

In the compound for light emitting device having such 
a molecular structure, the metal complex which has 
high-efficient luminescent characteristics and is 
relatively stable is employed, while as a ligand for the metal 
complex, the ligand into which the substituent containing 
boron is introduced is employed. This prevents the emission 
spectrum from spreading over a wide range, thereby attaining 
excellent color purity. Furthermore, an emission in which 
the maximum luminescent wavelength is shifted to a longer 
wavelength is attained. 
[0033] 

In addition, with the introduction of the substituent 



1 4 



containing boron into the ligand employed in the metal 
complex, the emission color can be varied, and improved 
electron transport capability is also attained. This results 
in excellent luminous efficiency. 
5 [0034] 

An organic light emitting device according to a second 
invention comprises a carrier transport layer and a light 
emitting layer between a hole injection electrode and an 
electron injection electrode, wherein at least one of the 

10 carrier transport layer and the light emitting layer contains 
an organic compound having a molecular structure expressed 
by the following formula (1), where at least one out of Rl 
to R8 is a substituent containing boron; the others are each 
a hydrogen atom or a substituent; L is a ligand; M is a metal; 

15 m represents an integer from 0 to 4; and n represents an 
integer from 1 to 3: 



20 



25 



1 5 

[0035] 

[Formula 8] 



[l_) m ■•■ (1) 

n 

[0036] 

5 In the organic light emitting device according to the 

second invention, the compound for light emitting device 
having the molecular structure expressed by the above formula 
(1) is employed. In this compound for light emitting device, 
the metal complex which has high-efficient luminescent 

10 characteristics and is relatively stable is employed, while 
as a ligand for the metal complex, the ligand into which the 
substituent containing boron is introduced is employed. This 
prevents the emission spectrum from spreading over a wide 
range, thereby attaining excellent color purity. 

15 Furthermore, an emission in which the maximum luminescent 
wavelength is shifted to a longer wavelength is attained. 
[0037] 

In addition, with the introduction of the substituent 




1 6 



containing boron into the ligand employed in the metal 
complex, the emission color can be varied, and electron 
transport capability is also improved. This results in 
excellent luminous efficiency. 
5 [0038] 

The organic light emitting device having the compound 
for light emitting device of the molecular structure 
expressed by the above formula (1) can provide excellent 
color purity and luminous efficiency. 
10 [0039] 

The light emitting layer may contain a host material 
and the organic compound expressed by the formula (1), the 
content of the organic compound being not less than 0.1% nor 
more than 30% by weight for the host material. This results 
15 in a satisfactory emission from the compound for light 
emitting device. 
[0040] 

The host material may be 

4 , 4 ' -N, N ' -dicarbazole-1, 1 1 -biphenyl having a molecular 
20 structure expressed by the following formula (3): 



25 



1 7 



[0041] 

[Formula 9] 

[0042] 

5 [Embodiments of the Invention] 

Description will, hereinafter, be made of a compound 
for light emitting device according to an embodiment of the 
present invention, and a light emitting device using the 
same. A light emitting device in the following represents 
10 an organic electroluminescent (hereinafter abbreviated as 
EL) device. 
[0043] 

(First Embodiment ) 

Fig. 1 is a schematic cross-sectional view showing one 
15 example of an organic EL device according to a first 
embodiment. An organic EL device 100 according to the first 
embodiment has a layered structure including a hole injection 
electrode 2 (anode), an organic compound layer 10, and an 
electron injection electrode 8 (cathode) in this order on a 
20 glass substrate 1. The organic compound layer 10 is formed 
of a hole injection layer 3, a hole transport layer 4, a light 




1 8 

emitting layer 5, a hole blocking layer 6, and an electron 

in j ect ion layer 7 . 

[0044] 

The substrate 1 is a transparent substrate composed 
5 of glass, plastic, or the like. The hole injection electrode 
2 is a transparent or semi-transparent electrode composed of 
a metal compound such as indium-tin oxide (hereinafter 
abbreviated as ITO) , a metal such as silver, or an alloy. The 
electron injection electrode 8 is a transparent, 
10 semi-transparent, or non- transparent electrode composed of 
a metal compound such as magnesium-indium alloy or ITO, a 
metal such as magnesium (Mg) or lithium (Li), or an alloy. 
[0045] 

In the organic compound layer 10, the hole injection 
15 layer 3 is composed of an organic material, such as copper 
phthalocyanine (hereinafter abbreviated as CuPc) expressed 
by the following formula (5) : 
[0046] 



[Formula 10] 




■■■ (5) 
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[0047] 

The hole transport layer 4 is composed of an organic 
material, such as 

N, N 1 -Di ( naphtha lene-l-yl ) -N, N ' -di phenyl -benzidine 
5 (hereinafter abbreviated as NPB) expressed by the following 
formula ( 6) : 
[0048] 



[Formula 11] 




■■■ (6) 



10 [0049] 

The light emitting layer 5 is composed of a host 
material and an emitting dopant as shown below. Each type 
of organic materials to be employed for the light emitting 
layer 5 will later be described. 
15 [0050] 

The hole blocking layer 6 is composed of an organic 
material, such as 

2 , 9-dimethyl-4 , 7-diphenyl-l, 10-phenanthroline 
(hereinafter abbreviated as BCP) expressed by the following 
20 formula (7) or 



2 0 

((1,1' -bisphenyl) -4-olato) (2-methyl-8-quinolinolato-Nl , 08 

(aluminum expressed by the following formula (8): 

[0051] 



[Formula 12] 




••• (7) 
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[0052] 

[Formula 13] 




•■■ (8) 



[0053] 

10 The electron injection layer 7 is composed of an 

organic material, such as 

Tris ( 8-hydroxyquinolinato) aluminum (hereinafter 



2 1 

abbreviated as Alq) expressed by the following formula (9) : 
[0054] 

[Formula 14] 




•■■ (9) 



5 [0055] 

When voltage is applied between the hole injection 
electrode 2 and the electron injection electrode 8 in the 
organic EL device 100, the light emitting layer 5 emits light. 
The light produced in the light emitting layer 5 is emitted 

10 outside through the hole transport layer 4, hole injection 
layer 3, hole injection electrode 2, and substrate 1. Such 
a device structure in which the light produced in the light 
emitting layer 5 is emitted outside through the substrate 1 
will be called " a back-emission structure". 

15 [0056] 

Description will now be made of organic materials 
employed for the light emitting layer 5. As a host material 
of the light emitting layer 5, an organic material, such as 



2 2 



4 , 4 1 -bis ( carbazole-9-yl ) -biphenyl (hereinafter abbreviated 
as CBP) expressed by the following formula (3) is employed: 
[0057] 



5 

[0058] 

As an emitting dopant of the light emitting layer 5, 
a compound for light emitting device made of an organic 
material is employed- The compound for light emitting device 
10 has a molecular structure expressed by the following formula 



[Formula 15] 




(1) : 



[0059] 



[Formula 16] 




M — (L) 



m 



( 1 ) 



R2 



n 



2 3 

[0060] 

where at least one out of Rl to R8 is a substituent 
containing boron. The remainder are each any of a hydrogen 
atom or a substituted or unsubstituted, alkyl group (carbon 
5 number of 1-20), alkenyl group (carbon number of 2-25), 
alkynyl group, alkoxy group, aryl group, aralkyl group, 
aryloxy group, arylthio group, heterocyclic group, amino 
group, acyl group, alkoxycarbonyl group, ar yloxycarbonyl 
group, acyloxy group, acylamino group, hydroxyl group, imino 
10 group, cyano group, nitro group, halogen group, sulfonyl 
group, or silyl group. 
[0061] 

The alkyl group represented by any of Rl to R8 may be 
an alkyl group having the arrangement of carbon inclulding 

15 branched-chain or cyclic-chain as well as straight-chain. As 
an example of such alkyl group, there may be mentioned: a 
methyl group, an ethyl group, a propyl group, an isopropyl 
group, an n-butyl group, a t-butyl group, a cyclohexyl group, 
a cyclopentyl group, an n-octadecyl group, or an n-dodecyl 

20 group. Among the alkyl groups represented by any of Rl to 
R8, the cyclohexyl group or the t-butyl group, i.e., a 
straight-chain alkyl group at carbon number 1 to 10, is 
preferable . 
[0062] 

25 As the alkenyl group represented by any of Rl to R8, 
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a phenylalkenyl group, a diphenyl alkenyl group, or a 
triphenylalkenyl group in which at least one substituent is 
a phenyl group is preferable. An unsubst itut ed alkenyl group 
may also be employed. 
5 [0063] 

The aryl group represented by any of Rl to R8 may be 
either monocyclic or polycyclic, including a fused ring or 
a ring assembly. The aryl group is preferably has a carbon 
number of 6 to 30 in total, and may additionally has a 

10 substituent. As an example of such aryl group, there may be 
mentioned: a phenyl group, a ( o- , m- , p- ) tolyl group, a 
(o-,m-, p-) biphenyl group, a ( o- , m- , p- ) N-subst i tuted anilino 
group, a fluoryl group, a terphenyl group, a (1-, and 
2-)naphtyl group, an anthryl group, a pyrenyl group, a 

15 perylenyl group, and a phenanthryl group. 
[0064] 

As an example of the acyl group represented by any of 
Rl to R8, there may be mentioned an acetyl group, a benzoyl 
group, a pivaloyl group, and a formyl group. 
20 [0065] 

The above-mentioned substituent containing boron has 
a molecular structure expressed by the following formula (2) : 



25 
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[0066] 

[Formula 17] 
\R12 

[0067] 

5 where each of Rll and R12 is a hydrogen atom or a substituent. 
As an example of the substituent, there may be mentioned: an 
unsubstituted or substituted, alkyl group, alkenyl group, 
alkoxy group, aryl group, fused ring group at a ring number 
of 2 to 4, heterocyclic group, and aryloxy group. Rll and 
10 R12 may be bonded with each other to form a ring. 
[0068] 

It is preferable that Rll and R12 are both 
branched-chain alkyl groups at carbon number 3 to 10 or aryl 
groups substituted with alkyl groups, and more preferable 
15 that Rll and R12 are both isopropyl groups, t-butyl groups, 
phenethyl groups, thexyl groups, ( o- , m- , p- ) tolyl groups, 
mesityl groups, tripyl groups, or anthranyl groups. 
[0069] 

In the formula (1), L represents a ligand. The ligand 
20 may be a polydentate ligand such as a bidentate ligand, other 
than a monodentate ligand. Any ligand which can form a metal 
complex may be employed without particular limitation. 



2 6 

[0070] 

As an example of the above-described ligand, there may 
be mentioned: a halogen ligand, such as a chlorine ligand; 
a carboxylic acid ligand, such as a picolinic acid ligand or 
5 a salicylic acid ligand; an imine ligand, such as an 
N-substituted salicylimine ligand; a nitrogen-containing 
heterocyclic ligand, such as a phenanthroline ligand or a 
bipyridyl ligand; a diketone ligand, such as an acetylacetone 
ligand, a dibenzoylmethane ligand, or a ethyl malonate 

10 ligand; a phosphorus ligand, such as a t r iphenylphosphine 
ligand, a t ributylphosphine ligand, or a t r imethylphosphate 
ligand; an isocyanide ligand, such as a t-butylisocyanide 
ligand; an ortho carbometallat ion ligand, such as a 
phenylpyr idine ligand; a hexaf luoror inephosphine (PF 6 ) 

15 ligand; a cyclopentadienyl ligand; or a carbon monoxide 
ligand . 
[0071] 

It is preferable that the ligand expressed by L in the 
formula (1) is a diketone ligand or a carboxylic acid ligand. 
20 It is more preferable that the ligand is an acetylacetone 
ligand among diketone ligands, still more preferable that it 
is a picolinic acid ligand among carboxylic acid ligands. 
[0072] 

In the case where there are a plurality of ligands 
25 expressed by L shown in the formula (1), the ligands may be 
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any of various types, and may belong to one type or two or 
more types, while it is preferable that the ligands belong 
to one type. 
[0073] 

5 In the formula (1), M represents any metal out of 

iridium (Ir), platinum (Pt), palladium (Pd), rhodium (Rh), 
and rhenium (Re) . Of these metals, M is preferably iridium, 
platinum or rhenium, more preferably, iridium. 
[0074] 

10 The valence of the above-described metal is not 

limited, in particular; however, in the case where M is any 
of iridium, rhodium, and rhenium, M is preferably trivalent, 
and where M is platinum or palladium, M is preferably 
bivalent. In the formula (1), m represents an integer of 0 

15 to 4, and n represents an integer of 1 to 3 . 
[0075] 

The compound for light emitting device (metal ligand 
compound) in accordance with the formula (1) having such a 
molecular structure may be a neutral complex or an ionic 
20 complex having counter salt, while a neutral complex is more 
preferable. 
[0076] 

The compound for light emitting device according to 
the present embodiment is prepared, for example, as follows. 
25 Fig. 2 is a schematic diagram showing one example of a process 
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of preparing the compound for light emitting device according 
to the first embodiment. The sign Mes shown in Fig. 2 
represents a mesityl group, which is expressed by the 
following formula (10) . In the following, the sign Mes shown 
5 in each of the formulas (11) , (12) , (14) represents a mesityl 
group expressed by the following formula (10): 
[0077] 



[Formula 18] 
H 0 C 




-■■ (10) 



[0078] 

In a three-neck flask with a reflux tube, 
[ 4- ( dimesitylboryl ) phenyl ] pyridine KA1 expressed by the 
following formula (11), iridium trichloride ( I I I ) n hydrate 

( IrCl 3 -nH 2 0) , 2-ethoxyethanol, and water are mixed. Then, 
the mixture is stirred under reflux in a nitrogen atmosphere 
for 24 hours. A resultant reactance is cooled to the room 
temperature, and subsequently a precipitated solid is 
filtered. The filtered solid is washed in water and ethanol, 
and dried under reduced pressure to give yellow powder of a 
compound TU1 expressed by the following formula (12): 
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[0081] 

After that, in a three-neck flask with a reflux tube, 
the compound TU1, a picoline acid KA2 expressed by the 
10 following formula (13) , 2-ethoxyethanol , and sodium 
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carbonate (Na2CC>3) are mixed. Then, the mixture is stirred 
under reflux in a nitrogen atmosphere for 15 hours. A 
resultant reactance is cooled to the room temperature, and 
subsequently a precipitated solid is filtered. The filtered 
5 solid is washed in water and ethanol, dried under reduced 
pressure, and purified using silica gel column 
chromatography (eluting solvent: dichloromethane ) to give 
yellow powder of a compound HD1 for light emitting device 
expressed by the following formula (14): 
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[Formula 21] 
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In the compound HD1 for light emitting device used in 
the present embodiment, a metal complex, such as an iridium 
complex having high efficient luminescent characteristics 
and is relatively stable is employed, while as a ligand to 
5 be employed in the metal complex, a ligand having a basic 
skeleton of phenylpyridine into which a substituent 
containing boron is introduced is employed. 
[0085] 

This prevents the emission spectrum from spreading 
10 over a wide range, thereby attaining an emission in which a 
maximum luminescent wavelength is shifted to a longer 
wavelength. The compound HD1 for light emitting device 
provides an orange-red emission. 
[0086] 

15 By the way, boron has a vacant p-orbital because it 

has one less electron than carbon. Nakajo et al. , for 
example, has reported in "J. Am. Chem. Soc. , 1998, 120, 10776, 
etc." that the introduction of boron atoms into the n 
conjugated system leads to extension of the n conjugated 

20 system via the vacant p-orbital. 
[0087] 

Boron, which is an atom lacking in the number of 
electrons, has the affinity for electrons. Shirota et al . , 
for example, has reported in "J. Am. Chem. Soc, 2000, 122, 
25 11021., etc." that the introduction of boron can lead to 



3 2 



improvement in transport capability of a material. 
[0088] 

As can be seen from these reports, with the 
introduction of the substituent containing boron into the 

5 compound for light emitting device according to the present 
embodiment, the emission color can be varied, while electron 
transport capability is improved. This has led to reduced 
voltage and high efficiency of the light emitting device 
itself . 

10 [0089] 

Thus, the organic EL device 100 according to the 
present embodiment provides excellent color purity and 
luminous efficiency. 
[0090] 

15 ( Second Embodiment ) 

An organic EL device according to a second embodiment 
has a similar structure as that of the organic EL device in 
the first embodiment except for the following points. 
[0091] 

20 In the present embodiment, a compound for light 

emitting device employed in the light emitting layer 5 is 
prepared, for example, as follows. Fig. 3 is a schematic 
diagram showing one example of a process of preparing the 
compound for light emitting device according to the second 

25 embodiment. The sign Mes shown in Fig. 3 represents a mesityl 
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group expressed by the formula (10) above. In the following 
description, the sign Mes shown in the formula (16) 
represents a mesityl group expressed by the formula (10) 
above . 
5 [0092] 

The compound TU1 prepared in the first embodiment is 
employed for the preparation of the compound for light 
emitting device according to the second embodiment. The 
compound TU1 is prepared in a similar process as applied in 
10 the first embodiment. 
[0093] 

In a three-neck flask with a reflux tube, the compound 
TU1, acetylacetonate KA3 expressed by the following formula 
(15), 2-ethoxyethanol, and sodium carbonate (Na 2 C0 3 ) are 

15 mixed. Then, the mixture is stirred under reflux in a 
nitrogen atmosphere for 15 hours. A resultant reactance is 
cooled to the room temperature, and subsequently a 
precipitated solid is filtered. The filtered solid is washed 
in water and ethanol, dried under reduced pressure, and 

20 purified using silica gel column chromatography (eluting 
solvent: dichloromethane ) to give yellow powder of a compound 
HD2 for light emitting device expressed by the following 
formula ( 16) : 
[0094] 



25 
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[0096] 

In the compound HD2 for light emitting device 
according to the present embodiment, a ligand into which a 

10 substituent containing boron is introduced is employed. This 
prevents the emission spectrum from spreading over a wide 
range, thereby attaining an emission in which a maximum 
luminescent wavelength is shifted to a longer wavelength. 
The compound HD2 for light emitting device provides an 

15 orange-red emission. 
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[0097] 

Moreover, because of the introduction of the 
substituent containing boron, the electron transport 
capability is improved, while the emission color can be 
5 varied. This has led to reduced voltage and high efficiency 
of the light emitting device itself. 
[0098] 

(Third Embodiment ) 

An organic EL device according to a third embodiment 
10 has a similar structure as that of the organic EL device in 
the first embodiment except for the following points. 
[0099] 

In the present embodiment, a compound for light 
emitting device to be employed in the light emitting layer 

15 5 is prepared, for example, as follows. Fig. 4 is a schematic 
diagram showing one example of a process of preparing the 
compound for light emitting device according to the third 
embodiment. The sign Mes shown in Fig. 4 represents a mesityl 
group expressed by the formula (10) above. In the following 

20 description, the sign Mes shown in each of the formulas (17) , 
(18) represents a mesityl group expressed by the formula (10) 
above . 
[0100] 

In a three-neck flask with a reflux tube, glycerol is 
25 heated to 140 to 150°C and N 2 -bubbled for an hour, and then 
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cooled to the room temperature. After that, 

2- [( 4- (dimesitylboryl ) phenyl) pyridine KA4 expressed by the 
following formula (17) and iridium (III) acet ylacetonate 
(Ir(acac) 3 ) are added to the glycerol. The mixture is then 

5 stirred under reflux in a nitrogen atmosphere for 5 hours. 
A resultant reactance is cooled to the room temperature, and 
subsequently a precipitated solid is filtered. The filtered 
solid is washed in water and methanol, dried under reduced 
pressure, and then purified using silica gel column 

10 chromatography (eluting solvent: dichloromethane ) to give 
yellow powder of a compound HD3 for light emitting device 
expressed by the following formula (18): 
[0101] 

[Formula 25] 
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[0102] 

[Formula 26] 




(18) 



5 [0103] 

In the compound HD3 for light emitting device 
according to the present embodiment, a ligand in which a 
substituent containing boron is introduced is employed. This 
prevents the emission spectrum from spreading over a , wide 
10 range, thereby attaining an emission in which a maximum 
luminescent wavelength is shifted to a longer wavelength. 
The compound HD3 for light emitting device provides an 
orange -red emission . 
[0104] 

15 Moreover, because of the introduction of the 

substituent containing boron, the electron transport 
capability is improved, while the emission color can be 
varied. This has led to reduced voltage and high efficiency 



of the light emitting device itself. 
[0105] 

( Fourth embodiment ) 

An organic EL device according to a fourth embodiment 
5 has a similar structure as that of the organic EL device in 
the first embodiment except for the following points. 
[0106] 

In the present embodiment, a compound for light 
emitting device to be employed in the light emitting layer 
10 5 is prepared, for example, as follows. Fig. 5 is a schematic 
• diagram showing one example of a process of preparing the 
compound for light emitting device according to the fourth 
embodiment. The sign Mes shown in Fig. 5 represents a mesityl 
group expressed by the formula (10) above. In the following 
15 description, the sign Mes shown in each of the formulas (19) , 
(20), (21) represents a mesityl group expressed by the 
formula (10) above. 
[0107] 

In a three-neck flask with a reflux tube, 
20 4 - (dimesitylboryl ) -2- [ ( 4- (dimesitylboryl ) phenyl ) pyridine 
KA5 expressed by the following formula (19) , iridium 

trichloride ( III ) n-hydrate (IrCl 3 " nH 2 0) , 2-ethoxyethanol , 
and water are mixed. The mixture is then stirred under reflux 
in a nitrogen atmosphere for 20 hours. A resultant reactance 
25 is cooled to the room temperature, and subsequently a 
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precipitated solid is filtered- The filtered solid is washed 
in water and ethanol, and dried under reduced pressure to give 
yellow powder of a compound TU2 for light emitting device 
expressed by the following formula (20). 
[0108] 

After that, the compound TU2, a picolinic acid KA2 
expressed by the formula (13) above, 2-ethoxyethanol , and 
sodium carbonate (Na 2 C0 3 ) are mixed. The mixture is then 
stirred under reflux in a nitrogen atmosphere for 12 hours. 
A resultant reactance is cooled to the room temperature, and 
subsequently a precipitated solid is filtered. The filtered 
solid is washed in water and ethanol, dried under reduced 
pressure, and then purified using silica gel column 
chromatography (eluting solvent: dichloromethane ) to give 
yellow powder of a compound HD4 for light emitting device 
expressed by the following formula (21): 
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[0112] 

5 In the compound HD4 for light emitting device 

according to the present embodiment, a ligand in which a 
substituent containing boron is introduced is employed. This 
prevents the emission spectrum from spreading over a wide 
range, thereby attaining an emission in which a maximum 

10 luminescent wavelength is shifted to a longer wavelength. 
The compound HD4 for light emitting device provides an 
orange -red emission . 
[0113] 

Moreover, because of the introduction of the 
15 substituent containing boron, the electron transport 
capability is improved, while the emission color can be 
varied. This has led to reduced voltage and high efficiency 
of the light emitting device itself. 
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[0114] 

( Fifth Embodiment ) 

An organic EL device according to a fifth embodiment 
has a similar structure as that of the organic EL device in 
5 the first embodiment except for the following points. 
[0115] 

In the present embodiment, a compound for light 
emitting device to be employed in the light emitting layer 
5 is prepared, for example, as follows. Fig. 6 is a schematic 

10 diagram showing one example of a process of preparing the 
compound for light emitting device according to the fifth 
embodiment. The sign Mes shown in Fig. 6 represents a mesityl 
group expressed by the formula (10) above. In the following 
description, the sign Mes shown in each of the formulas (22) , 

15 (23), (24) represents a mesityl group expressed by the 
formula (10) above. 
[0116] 

In a three-neck flask with a reflux tube, 
4- (dimesitylboryl ) -2- [4- (N,N ! - diphenyl amino ) phenyl ] pyridi 
20 ne KA6 expressed by the following formula (22), iridium 

trichloride (III)n hydrate ( IrCl 3 • nH 2 0) , 2-ethoxyethanol , 
and water are mixed. The mixture is then stirred under reflux 
in a nitrogen atmosphere for 24 hours. A resultant reactance 
is cooled to the room temperature, and subsequently a 
25 precipitated solid is filtered. The filtered solid is washed 
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in water and ethanol, and dried under reduced pressure to give 
yellow powder of a compound TU3 for light emitting device 
expressed by the following formula (23) . 
[0117] 

5 After that, in a three-neck flask with a reflux tube, 

the compound TU3, acetylacetonate KA3 expressed by the 
formula (15) above, 2-ethoxyethanol , and sodium carbonate 
(Na 2 C0 3 ) are mixed. A resultant mixture is then stirred under 
reflux in a nitrogen atmosphere for 15 hours. A resultant 

10 reactance is cooled to the room temperature, and subsequently 
a precipitated solid is filtered. The filtered solid is 
washed in water and ethanol, dried under reduced pressure, 
and then purified using silica gel column chromatography 
(eluting solvent: dichloromethane ) to give yellowish orange 

15 powder of a compound HD5 for light emitting device expressed 
by the following formula (24): 
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5 [Formula 31] 
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[0121] 

5 In the compound HD5 for light emitting device 

according to the present embodiment, a ligand into which a 
substituent containing boron is introduced is employed. This 
prevents the emission spectrum from spreading over a wide 
range, thereby attaining an emission in which a maximum 

10 luminescent wavelength is shifted to a longer wavelength. 
The compound HD5 for light emitting device provides an 
orange -red emission . 
[0122] 

Moreover, because of the introduction of the 
15 substituent containing boron, the electron transport 
capability is improved, while the emission color can be 
varied. This has led to reduced voltage and high efficiency 
of the light emitting device itself. 



[0123] 

In the first to fifth embodiments, it is desirable that 
the amount of the compound for light emitting device 
(emitting dopant) to be doped into the light emitting layer 
5 5 is in a predetermined range. This is because doping of an 
excessive amount of the emitting dopant may, in same cases, 
cause lowering of the luminous intensity, luminous 
efficiency, and the like. 
[0124] 

10 Specifically, it is preferable that the amount of the 

compound for light emitting device to be doped into the light 
emitting layer 5 is not less than 0.1% nor more than 30% by 
weight for the light emitting layer 5. This results in a 
satisfactory emission from the compound for light emitting 

15 device. 
[0125] 

The organic EL device may have a top emission structure 
in which the light produced in the light emitting layer 5 is 
emitted through the hole blocking layer 6, electron injection 
20 layer 7, and electron injection electrode 8, with the 
electron injection electrode 8 being made of a transparent 
or semi-transparent electrode. 
[0126] 

The light emitting layer 5 may be formed of two light 
25 emitting layers emitting different colors, respectively. 



4 7 

For instance, when one of the two layers is doped with the 
compound for light emitting device according to any of the 
first to fifth embodiments that provides an orange-red 
emission, while the other is doped with a compound for light 
5 emitting device that provides a blue emission, a white 
light-emitting device is obtained. In this case, the use of 
the white light emitting device in combination with filters 
of red, green, and blue enables three primary colors of light 
(RGB display), thereby realizing a full-color display. 
10 [0127] 

The organic EL device prepared according to any of the 
first to fifth embodiments that provides an orange -red 
emission may be used in combination with an organic EL device 
emitting green light and an organic EL device emitting blue 

15 light. In this case, the use of the organic EL device prepared 
according to any of the first to fifth embodiments as a pixel 
emitting red light (R pixel) , an organic EL device emitting 
green light as a pixel emitting green light (G pixel), and 
an organic EL device emitting blue light as a pixel emitting 

20 blue light (B pixel) enables display of three primary colors 
of light (RGB display) , thereby realizing a full-color 
display . 
[0128] 

In the organic EL device according to each of the first 
25 to fifth embodiments, the organic EL device 100 corresponds 
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to an organic light emitting device; the hole injection 
electrode 2 corresponds to a hole injection electrode; the 
electron injection electrode 8 corresponds to an electron 
injection electrode; the hole injection layer 3, hole 
transport layer 4, hole blocking layer 6, and electron 
injection layer 7 correspond to carrier transport layers; and 
the light emitting layer 5 corresponds to a light emitting 
layer.. 
[012.9] 

(Sixth Embodiment ) 

An organic EL device according to a sixth embodiment 
has a similar structure as that of the organic EL device 
according to the first embodiment except that the light 
emitting layer 5 is composed of a host material, an emitting 
dopant, and an assisting dopant. 
[0130] 

As a host material forming the base material of the 
light emitting layer 5, an organic compound such as CBP 
expressed by the formula (3) above is employed. 
[0131] 

It is desirable that the emitting dopant is composed 
of an organic material emitting red light. For example, a 
singlet organic material, such as 

(2 - (1, 1 -dimethyl ethyl) -6-(2-(2,3,6, 7- tet rahydro-1 , 1, 7, 7-t 
etramethyl-111 , 5II-benzo [ij]quinolizine-9-yl)ethenyl) -4H- 
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pyran-4-ylidene ) propandinitril (hereinafter abbreviated as 
DCJTB) expressed by the following formula (25) or a triplet 
organic material, such as 

bis (2-2 1 -benzothienyl) -pyridinato-N, C3 iridium (acetylaceto 

5 nate) (hereinafter abbreviated as btp2Ir (acac) ) expressed by 
the following formula (26) or 

iridium (III) tris ( 2 -naphthalene- 1-yl-quinolinato ) -N, C 2 
(hereinafter abbreviated as Ir (Naphq) 3 ) expressed by the 
following formula (27) are mentioned. 

10 [0132] 

[ Formula 33 ] 




(2 5) 
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[0135] 

Note that the singlet organic material herein 
represents an organic material which can convert singlet 
excitation energy into a light emission, while the triplet 
organic material represents an organic material which can 
convert triplet excitation energy into a light emission. 
[0136] 

The assisting dopant serves to transfer the energy 
excited by the above host material to the emitting dopant. 
In the present embodiment, the compound for light emitting 
device according to any of the above first to fifth 
embodiments is employed as the assisting dopant. In the 
present embodiment, it is preferable that the assisting 
dopant made of the above-described compound for light 
emitting device emits orange-red light in the case where the 
emitting dopant emits red light. 



[0137] 

The luminescent wavelength of the emitting dopant is 
longer than that of the host material. In the case where the 
interval between the luminescent wavelength of the host 
material and the luminescent wavelength of the emitting 
dopant is short, the excitation energy generated by the host 
material is effectively transferred to the emitting dopant. 
[0138] 

However, in the case where the interval between the 
luminescent wavelength of the host material and that of the 
emitting dopant is long, it is difficult to transfer the 
excitation energy generated by the host material to the 
emitting dopant. 
[0139] 

For this reason, the assisting dopant having a 
luminescent wavelength is doped between the luminescent 
wavelength of the host material and the luminescent 
wavelength of the emitting dopant, so that the assisting 
dopant acts as a bridge to transfer the excitation energy 
generated in the host material to the emitting dopant. This 
results in a satisfactory emission from the emitting dopant 
and improved luminous efficiency of the organic EL device 
itself . 
[0140] 

As described above, the organic EL device according 
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to the present embodiment provides improved luminous 
intensity of the emitting dopant and improved luminous 
efficiency, through the employment of the compound for light 
emitting device as the assisting dopant, even if the compound 
5 for light emitting device is not emitted. 
[0141] 

( Seventh Embodiment ) 

An organic EL device according to a seventh embodiment 
has a similar structure as that of the organic EL device 
10 according to the first embodiment except that the compound 
for light emitting device according to any of the first to 
fifth embodiments is employed as a hole blocking layer 6. 
[0142] 

The compound for light emitting device has electron 
15 transport capability, as mentioned above. By the employment 
of this compound for light emitting device as the hole 
blocking layer 6, electrons are transported, while holes are 
prevented from being transferred. 
[0143] 

20 In general, a hole blocking layer 6 made of an organic 

material without electron transport capability, is formed 
with a small thickness in order to transfer electrons. 
However, as for the hole blocking layer 6 in the present 
embodiment, the layer can be formed with a large thickness, 

25 by the employment of the compound for light emitting device 
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with electron transport capability. 
[0144] 

Accordingly, the hole blocking layer 6 can be formed 
with a large thickness, resulting in the fabrication of an 
5 organic EL device having high yield. A highly reliable 
organic EL device is thus fabricated. 
[0145] 

Moreover, because the formation of the hole blocking 
layer 6 with a large thickness is allowed, it is not necessary 
10 to make precise adjustments to the thickness, thus leading 
to improved productivity. 
[0146] 

[Examples ] 

Organic EL devices in Inventive Example 1, Comparative 
15 Example 1, and Comparative Example 2 were fabricated based 
on the embodiments of the present invention, and drive 
voltage was applied to each of the fabricated organic EL 
devices to measure luminescent characteristics. 
[0147] 

20 [Inventive Example 1] 

The organic EL device in Inventive Example 1 has a 
similar structure as that of the organic EL device in the 
above first embodiment. In the organic EL device in Inventive 
Example 1, a glass substrate was employed as the substrate 

25 1, and ITO was employed as the hole injection electrode 2. 
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In addition, CuPc (with a thickness of 100 A) was employed 
as the hole injection layer 3, NPB (with a thickness of 500 
A) was employed as the hole transport layer 4, and CPB and 
the compound HD1 for light emitting device in the above first 
5 embodiment were employed as the light emitting layer 5. The 
light emitting layer 5 was 250 A in thickness. Moreover, BAlq 
(with a thickness of 100 A) was employed as the hole blocking 
layer 6, Alq (with a thickness of 400 A) was employed as the 
electron injection layer 7, and a cathode electrode (with a 
10 thickness of 2000 A) made of lithium fluoride and aluminum 
was employed as the electron injection electrode 8. 
[0148] 

As for the light emitting layer 5, the CBP was employed 
as a host material, and the compound HD1 for light emitting 
15 device as an emitting dopant. The compound HD1 for light 
emitting device was doped in an amount of 6.5% by weight for 
the light emitting layer 5. 
[0149] 

The organic EL device in Inventive Example 1 was 
20 fabricated as follows. 

First, the substrate 1 (glass substrate) already 
provided with the hole injection electrode 2 (ITO) was twice 
subjected to ultrasonic cleaning in isopropyl alcohol for 
five minutes, and the surfaces of the substrate 1 and the hole 
25 injection electrode 2 were washed by an ozone cleaner. 
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[0150] 

After that, the hole injection layer 3 (CuPc) , hole 
transport layer 4 (NPB) , light emitting layer 5 (CBP and 
compound HD1 for light emitting device) , hole blocking layer 
5 6 ( BAlq) , electron injection layer 7 (Alq) , and electron 
injection electrode 8 (lithium fluoride and aluminum) were 
sequentially deposited on the hole injection electrode 2 
(ITO) by vacuum evaporation. 
[0151] 

10 Vapor deposition of each of the layers forming the 

organic EL device was performed at a vacuum degree of 1 x 10" 6 
Torr without controlling the temperature. 
[0152] 

Description will now be made of a process of preparing 
15 the compound HD1 for light emitting device employed in the 
light emitting layer 5. The compound HD1 for light emitting 
device was prepared similarly as in the first embodiment. 
[0153] 

In a three-neck flask (200 ml) with a reflux tube, 
20 2- [4- (dimesitylboryl ) phenyl] pyridine KA1 expressed by the 
above formula (11): 3.22 g (8.00 mmol), iridium 

trichloride (III) n hydrate (IrCl 3 -nH 2 0) : 0.600g (2.00 mmol) , 
2-ethoxyethanol : 60 ml, and water: 20 ml were mixed. The 
mixture was then stirred under reflux in a nitrogen 
25 atmosphere for 24 hours. A resultant reactance was cooled 
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to the room temperature, and subsequently a precipitated 
solid was filtered. The filtered solid was washed in water 
and ethanol, and dried under reduced pressure to give a 1.26 
g yellow powder of the compound TUl for light emitting device 
5 (with a yield of 61%) expressed by the above formula (12). 
[0154] 

After that, in a three-neck flask (200 ml) with a 
reflux tube, the compound TUl: 0.414 g (0.200 mmol), 
picolinic acid KA2 expressed by the above formula ( 13 ) : 00.61 

10 g (0.513 mmol) , 2-ethoxyethanol: 20 ml, and sodium carbonate 
(Na 2 C0 3 ) : 0.25 g were mixed, and the mixture was stirred under 
reflux in a nitrogen atmosphere for 15 hours. A resultant 
reactance was cooled to the room temperature, and 
subsequently a precipitated solid was filtered. The filtered 

15 solid was washed in water and ethanol, dried under reduced 
pressure, and then purified using silica gel column 
chromatography (eluting solvent: dichloromethane ) to give a 
0.301 g yellow powder of the compound HD1 for light emitting 
device (with a yield of 67%) . The compound HD1 for light 

20 emitting device was thus prepared. 
[0155] 

The organic EL device thus prepared was biased such 
that the hole injection electrode 2 was positive, and the 
electron injection electrode 8 was negative to measure the 
25 luminescent characteristics. 
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[0156] 

As a result, an orange emission with a maximum 
luminescent wavelength of 580 nm was attained. The full 
width at half-maximum of the emission spectrum was 70 nm. 
5 [0157] 

[Comparative Example 1] 

The organic EL device in Comparative Example 1 has a 
similar structure as that of the organic EL device in 
Inventive Example 1 except that a different compound for 
10 light emitting device was employed for the emitting dopant 
of light emitting layer 5. 
[0158] 

As the emitting dopant in Comparative Example 1, 
iridium ( I II ) bis ( 2-phenylbenzothiazolato) -N, C 2 -acetylaceto 
15 nate (hereinafter abbreviated as (bt ) 2 Ir (acac) ) (disclosed 
in "S. Lamansky, et al, J. Am. Chem. Soc. 2001, 123, 4304. ") 
expressed by the following formula (28) was employed: 
[0159] 



[Formula 36] 
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[0160] 

The organic EL device thus prepared was biased such 
that the hole injection electrode 2 was positive, and the 
electron injection electrode 8 was negative, so as to measure 
5 the luminescent characteristics. 
[0161] 

As a result, an orange emission with a maximum 
luminescent wavelength of 558 nm was attained. The full 
width at half-maximum of the emission spectrum was 100 nm. 
10 [0162] 

[Comparative Example 2] 

The organic EL device in Comparative Example 2 has a 
similar structure as that of the organic EL device in 
Inventive Example 1 except that a different compound for 
15 light emitting device was employed for the emitting dopant 
of light emitting layer 5. 
[0163] 

As the emitting dopant in Comparative Example 2, 
iridium (III) tris ( 2-phenylpyridinato) -N, C 2 (hereinafter 
20 abbreviated as Ir(ppy)3) expressed by the following formula 
(4) was employed: 
[0164] 



[Formula 37] 




... ( 4 ) 
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[0165] 

The organic EL device thus prepared was biased such 
that the hole injection electrode 2 was positive, and the 
electron injection electrode 8 was negative, so as to measure 
5 the luminescent characteristics. 
[0166] 

As a result, a green emission with a maximum 
luminescent wavelength of 515 nm was attained. The full 
width at half-maximum of the emission spectrum was 60 nm. 
10 [0167] 

[ Evaluation] 

From the measurement results of the luminescent 
characteristics of the organic EL devices in Inventive 
Example 1, Comparative Examples 1, 2, Inventive Example 1 and 
15 Comparative Example 1 were compared, and Inventive Example 
1 and Comparative Example 2 were compared. Table 1 below 
shows the maximum luminescent wavelengths and full widths at 
half -maximum of Inventive Example 1, Comparative Example 1 
and Comparative Example 2 . 

20 



25 
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[0168] 

[Table 1] 



organic EL device 


emitting 
dopant 


maximum 
luminescent 
wavelength ( n m 
) 


full width 
at 

half -maxim 
um 
( n m) 


organic EL device in 
Inventive Example 1 


compound KA4 


5 9 4 


7 6 


organic EL device in 
Comparative Example 1 


(bt ) 2 Ir ( acac) 


5 5 8 


1 0 0 


organic EL device in 
Comparative Example 2 


Ir (ppy) 3 


5 1 5 


6 0 



[0169] 

5 Fig. 7 is a graph showing the luminescent 

characteristics obtained in Inventive Example 1 and 
Comparative Example 1. The ordinate shows luminous 
intensity, and the abscissa shows luminescent wavelength. 
The solid line Jl represents the luminescent characteristics 

10 of the organic EL device in Inventive Example 1, whereas the 
solid line J2 represents the luminescent characteristics of 
the organic EL device in Comparative Example 1. 
[0170] 

With reference to Table 1 and Fig. 7, the maximum 
15 luminescent wavelength of Inventive Example 1 is located at 
a longer wavelength than those of Comparative Examples 1 and 
2. When the maximum luminescent wavelength is shifted to a 
longer wavelength as in this case, an orange emission of good 
purity is attained. 



[0171] 

In addition, the full width at half -maximum of 
Inventive Example 1 is smaller than that of Comparative 
Example 1, and it is almost equal to that of Comparative 
5 Example 2. When the full width at half-maximum of the 
emission spectrum is small as in this case, a sufficient 
emission in a visible light range can be made. 
[0172] 

Consequently, it was made clear that the organic EL 
10 device employing the emitting dopant into which a substituent 
containing boron is introduced provides excellent color 
purity and excellent luminous efficiency. 
[Brief Description of the Drawings] 
[Fig. 1] 

15 Fig. 1 is a schematic cross-sectional view showing one 

example of an organic EL device according to a first 
embodiment . 

[Fig. 2] 

Fig. 2 is a schematic diagram showing one example of 
20 a process of preparing the compound for light emitting device 
according to the first embodiment. 
[Fig. 3] 

Fig. 3 is a schematic diagram showing one example of 
a process of preparing the compound for light emitting device 
25 according to the second embodiment. 
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[Fig. 4] 

Fig. 4 is a schematic diagram showing one example of 
a process of preparing the compound for light emitting device 
according to the third embodiment. 
5 [Fig. 5] 

Fig. 5 is a schematic diagram showing one example of 
a process of preparing the compound for light emitting device 
according to the fourth embodiment. 

[Fig. 6] 

10 Fig. 6 is a schematic diagram showing one example of 

a process of preparing the compound for light emitting device 
according to the fifth embodiment. 
[Fig. 7] 

Fig. 7 is a graph showing the luminescent 
15 characteristics obtained in Inventive Example 1 and 
Comparative Example 1. 
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[Document Name] Abstract 
[Abstract ] 

[Subject] Providing a compound for a light emitting device 
having excellent luminous efficiency and capable of 
5 providing excellent color purity, and an organic light 
emitting device using the same. 

[Solving Means] An organic EL device 100 according to the 
present invention has a layered structure in which a hole 
injection electrode 2 (anode), a hole injection layer 3, a 

10 hole transport layer 4, a light emitting layer 5, a hole 
blocking layer 6, an electron injection layer 7, and an 
electron injection electrode 8 (cathode) are layered in this 
order on a substrate 1. The light emitting layer 5 is composed 
of a host material and an emitting dopant. A compound for 

15 light emitting device, which is an organic material is 
employed for the emitting dopant. The compound for light 
emitting device is a metal complex employing a ligand having 
a substituent containing boron. 
[Selected Drawing] Fig. 1 
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[0 10 1] 
[ft 2 5] 




••• (1 7) 



[0 10 2] 
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Mb 2 6] 




••• (1 8) 



[0 10 3] 

o 

[0 10 4] 
[0 10 5] 
[0 10 6] 

M<D— m^-f^MX^^o El5Ci3V^T, flF^-Me s fi±IEj£ (1 0) "CIS 
$ti4>yf^SnSo J^T^^^iSV^r, S (19) , (2 0) , 

(2 1) tC^^tt^^Me sti±SES: (10) X*mZfr&* ~s^-)Vmxlb2> 0 
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^-v: 25/ 



[0 10 7] 

WMM^m^tz^Uy^^^m^^X, Tf^ (19) "?&2fr&4- ( 
v^;v^'; -2- [ (4- (v^ vf-;i/jKU ;v) 7x^ji/) tf';y>K 
A 5, -=mk4 U v-^A (III) n7)c» ( I r C 1 3 • n H 2 0) , 
^yx^y-^ (2-ethoxyethanol) (water) £r!^-f&o >TtU;J;i9 

tzc? s-frt-eftftLxmmtmL, tib^ (20) x-mzti&it&mTij 2 

[0108] 

m^x, mfc^zffiz.fz=-on7 : 7xzimz&^x, ^tu2, jtiEaS ( 

13) •C'i$Wt*3'J>iKA2, 2 -J. h 4r ^ (2-ethoxyethano 
1) isi^th'j^A (Na 2 C0 3 ) ^yl^i--5>o itLtwj: 

?ncM*» ^flflH-SifcKJ: iJTSBsS (2 1) T^S ftaffcafeSTf-flHt^ 

[0 10 9] 
[£2 7] 

Mes 




••• (1 9) 



Mes Mes 



[0 110] 
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Mb 2 8] 



Mes \ B / Mes 




Mes 



(2 0) 



[0 111] 
[it 2 9] 



Mes^ ^Mes 
•B' 



Mes 




(2 1 ) 



[0 112] 



[0 113] 



tUSE#2 004-3091331 



#fl 2003-097303 



^-v: 27/ 



[0 114] 

(* 5 <om.M<r>MW) 

[0 115] 

m<n—m*&-$-m£m-e$>2>o H6i:*v»-c, Me sfi±f£:£ d o) ^ 

v^;v^-e*^ 0 fcis, J£IT coifed S (2 2) , (2 3), 

(2 4) C^^n^ffMe s {±±f£^: (10) "C^S ^ yf;^"e*S 0 
[0 116] 

SISE^*filx.^Hop77^3F t gt3i5^T, Tffi^: (2 2) m*Li4- ( 
v^v^;W^';;l/) -2- [4- (N, N' -y7xi)V7^) 7x-;P] fcf 
'Jy>KA6, HM^f'Jy^A (III) n7M» (I r C 1 3 - nH 2 0) , 
2-xf^yx^/-;l/ (2-ethoxyethanol) 33 J: U 5 " (water) ZM^-fZo - 

mVfZTkt*.? y-;^«LTMf L, TIB^C (2 3) t?^$*L-Mfc£- 
llTU3(OfM*mo 
[0 117] 

15) T^Stl&T-fc^T-b h >K A 3 , (2-ethoxy 

ethanol) feitrMthU-fA (Na 2 C0 3 ) 0 Z.ti\zSL*)ftbti 

I:^dd^» -cfltKi-*:: fcni OTIE^: (2 4) -c^fisn**^ 

ffltt^ H D 5 
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[0 118] 
Hfc3 0] 

Ph 
I 




•■■ (2 2) 



Mes Mes 

[0 119] 
[it 3 1] 




[0 12 0] 



28/ 



••• (2 3) 
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Mb 3 2] 




• • (2 4) 



[0121] 

o 

[0 12 2] 
[0 12 3] 

[0 12 4] 

o. i ii%ja±3 on% tt4 i w i lv»o ztiKx > s&itm^mit 

[0 12 5] 
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[0 12 6] 

(7)7 ^ ;i/ ^ - -C^co 3 JSCfetf)^ (RGBIfO j&*T>Tfifei:fc«!), "7^ 



[0 12 7] 

K £ *) 3b<D 3 ]&&<0&7F (RGB^) ^oTig ^ <9 > v -i/7^5t 

^ o 

[0 12 8] 

±m 6 ^ «t cnrm** 7 * y r*&aui izmm u 5 ***** izmm 

[0 12 9] 
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[0 13 0] 

c b p^^r«^J»*«fflv^^*o 

[0131] 

Tf^(2 5) (2- (1, l-y^f;Vxf;V) -6- (2- (2 

, 3, 6, 7-fh7tKn-l, 1, 7, 7-f f 7^f^- 1 I 1 , 511 
C i j ) ^r/'J v>- 9 ;V) xf-M - 4 H- tf9 >- 4 ->f V 
r»>) 7'n;^yx h 'j )V (J^T, D C J T B t B&IE1" * ) ^<£>— MM&mtft 
itzitTtBtt (2 6) -ea^ti^e^ (2-2' -soV^^-fr) -f'Jyt 
h-N, C 3 >f 'j (T-fc^l/T-fe h M U1T> b t p 2 I r (as 

as) tmttZ) & L < (iTfE^ (2 7) 4 'J v>7 A (III) h 'J 

* (2 -±-7 9 Vy- 1 ->f ;U-^r7 U ± V) -N, C 2 (filT> I r (Nap 
hq) 3 tmttZ>) f(OEMtllWflff>tL^ 0 
[0 13 2] 
[it 3 3] 




••• (2 5) 



[0 13 3] 
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Ut3 4] 




[0 13 6] 
[0 13 7] 
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[0 13 8] 
[0 13 9] 

fit, * * h Wft<7>5klttSL& t H3t K - / < > b O^Mft <£> W t~ 

[0 14 0] 
[0141] 

[0 14 2] 
[0 14 3] 
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[0 14 4] 
[0 14 5] 
[0 14 6] 

immm) 

4iE Lti^^ML, feS^ti^HE LS^tcMLTlEliimE^Wi-^- 
[0 14 7] 

mmm i ] 

HM^ii^^EL^ti. ±ib» i <Dnm<nj&mtmffi<7)m&z%-?2>o m 

LtIT0»fc o *-;^Xi3tLtCuPc (U*10 0A) £ 

*-^ig|4 £ LTNPB (f*5 0 0A) £fflv\ fBfcJi 5 £ LTC 
BP^ilFiiai 1 ©Il«OMM^tlHDl fcfflufco 5 
<Dm&&2 5 0 A-e^o/^o £<b£, *-^PljhI6tLTBA 1 q 0^*10 
OA) £fflv>, ST-ttAi 7 t LTA 1 q (JP*4 0 0A) li'^Al 
i8t LT7 yftV ^ A£> J: CTT ^5 A^P,i*HSiI (JP*2 0 0 0 

A) Srfflv^o 
[0 14 8] 

HD 1 fif&Tfc F-^> h £ LTffiv>fc 0 SHtJt^ffl^WHD 1 ii«3t» 5 K*t 
L6. 5it%iJDl^:o 
[0 14 9] 

3D*£, ^a6^-;W±Am^S2 (I TO) «£$;£*L7^«1 (*'7^I«) 
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>r 'J -fi:J:l>St 1 is J: Ijf^-^AIS 2 co^®o?5fe^-*^f o tz 0 
[0 15 0] 

-e-co^, *-^AlS2 (I TO) _tK, *-;W±A«3 (CuPc) > * 
-;H&^«4 (NPB) , M15 (CBPiSi^^T-ffl^^HD 1) , 
*->HfilfcJi6 (B A 1 q) , M^iXm7 (A 1 q) £> «t J/S^ffiAlS 8 ( 

o 

[0151] 

^jSIEL^Sr^f *#S<!0^3iPti, E^Jgl X 1 0-6To r r. ^ogJ| 
[0 15 2] 

[0153] 

Sftift1f*lt;Lrt:=on 7 9*31*3 (2 0 0 ml) K^T, ±I£^: (11) t? 
gt£ti£2- [4- (V* ;v) 7i-;i/] ^Jy>KAl : 3. 2 2 

g (8. OOmmol) , =Etffc>f 'Jv^ (III) n*Mty (I r C 1 3 • 
nH 2 0) : 0. 600g (2. OOmmol), 2-xl>+'>x^-/l/ (2-e 
thoxyethanol) :60ml & «t D 5 " tK (water) :20ml £*g^Lfc 0 f Lt, 

x^n^tzm.. ffim-rzmfozwMLtzo wM\stzmfc*7ktx-9 ; -)vxmw 
Lxmf±.$m-rz>z-tbz£*)±m£: (12) ti?ni.^tiTui<ofM* 

1 . 2 6 g 01X3*6 1 %) Srftfco 
[0 1 5 4] 

«v*T, SIf^li/:EoP7 7X3 (2 0 0 ml) fiHiS^T, ^t/T 
U 1 : 0 . 4 1 4 g ( 0 . 2 0 0 mm o 1 ) . TIE^ (13) "C^S *L& fcT3 V 
>iKA2 :0. 061g (0. 513 mmo 1 ) „ 2 -xh+yx^y-;l/ ( 
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^-vl 36/ 



2-ethoxyethanol) : 2 0ml^i«th^i (Na 2 C0 3 ) :0. 2 5 

(|K|;^oo^» I9»KL"C±|B^: (14) "C^StL*^^ 
^fflft^HD l<£>ftfe*NcO. 3 0 1 g (W6 7%) Sr^o ^±*»H*3R 
TM^iHD 1 W^#JHB-C*&o 

[0 15 5] 

[0 15 6] 

^ h;KE>3MiMSli7 0 nm-Cabofco 
[0 15 7] 
[Jtt« 1 ] 

^° > h n ffl v >e, ti & ^ytm^-m it&m % & * & § ^m<^mm z m-r & «. 

[0158] 

Jttfitfll WISjfcK-v'O' MC»i, Tlfi^: (2 8) ^$tt^>-f V (II 
I) fcf* (2-7x-M>7f7V7» -N, C 2 '-7-tf;l'7-tf^-> 

(J£JlT\ (bt) 2l r (acac) tmZ1r2>) (S. Lamansky, et al, J. Am 
. Chem. Soc. 2001, 123, 4304. KH^) *fflv^ 0 

[0 15 9] 
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Ut3 6] 




J 2 



(2 8) 



[0 16 0] 
[0161] 

ClOjem, ftftmjtfSL&ij* 5 5 8 nmOgfeHjt^Ji^-e^e 
^ h;i/CO^'fiSipI{i 1 0 0 n mtl)o/:o 
[0 16 2] 
[SZWtm 2 ] 

/OH:fflv»P> f&ftf^ffllfc^WII * & £ * 1$ § |S|&tf>fl|j£ & ;£1" £ o 
[0 16 3] 

jt3^J2<7>f§7fcK-^> Ties*; (4) -c^£*i&-r j ; i i 

) (2-7x^eu^tf) -N, C 2 (JilTI r (ppy) 3 fcH&IB 

[0 16 4] 



[0 16 5] 



Mfc3 7] 




... ( 4 ) 
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[0 16 6] 

^9 h ;i/CO^jti]is{i 6 0 nm-Cabo/io 
[0 16 7] 

Hifefll l , Jti^U 1 is J: tfjfctfcfll 2 Kistf&^E LJtT-^f§^#t4<7>«*§ 
l ^JticM l t fcJfctfcU H»J 1 titmn t ZS£m.Lfz 0 T 

ie^ i kuwj i > itmm i ^ =t cKjtwj 2 <7)f&^fe«:Ri3 «t cr^ffiimt- 

o 

[0 16 8] 





*3t H-A> h 


( n m) 


( n m) 


mmm i »*§«ie l^?- 


K A 4 


5 9 4 


7 6 




(bt) 2 l r(acac) 


5 5 8 


1 0 0 


J:t^i5iJ2<DW«IE L^^ 


1 r(ppy) 3 


5 1 5 


6 0 



[0 16 9] 

1 W^r«E Lft^#&^#tt^£*U flfcgl J 2 KJfctfcflJ 1 <7)W#E LsSH^H 
[0 17 0] 

^ 1 is <t tfH 7 K J: *udT, HJfeeil 1 o»jt*^:«[ftl±, Jt«cf?U 1 is «t tfJttfcfll 

2 O^&JtS^jfeStwJt^-C <fc 0 S^tftfJ KISS Uv>4„ i<7)i^ tc^a^ 

[0171] 

1-&}tWm2 tit&LXteteffl^'e&Zo ^(DXiK, \>)\/<D¥-m% 
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[0172] 

i^C <fc tU£\ ffi*L*rfe*«£#& it^t'^tt^i:, «tL7tl%7t»^# 

[di2] 

[1H3] 
[Hi4] 

o 

[EI 5] 

o 

[El 6] 

^ o 

[El 7] 

[^^>ra] 

1 mm. 

3 
4 
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5 %itm 

6 * — ;i/|SihJf 

8 l^iiAlS 

i o ^r«s<k^« 
i o o Lm? 
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